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COMPLETE SPECIFICATION 

Process for Graft Polymerization 



We, Esso Research and Engineering 
Company, a Coiporation duly organized and 
existing under the laws of the State of Dela-: 
ware, United States of America, having an 

5 office at Elizabeth, New Jersey, United States 
of America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 

10 in and by the following statement: — 

This invention relates to a process for 
synthesizing graft polymers from halogenated 
polymer backbones and the products produced 
thereby which can include the complete re- 

15 action product or selected portions thereof. 
Even more particularly, the invention relates to 
the graft polymerization of halogenated poly- 
mers with cationically poljonerizablc mono- 
mers and the resulting graft polymers. 

20 It has been previously disclosed that graft 
copolymers can be prepared by the "grafting 
from method" using AlCl^, TiClj, etc. cat- 
alysts to abstract chloride ions from a poly- 
vinyl chloride beckbone and subsequently to 

25 introduce a monomer such as styrene which 
polymerizes at the carbonium ion site created 
on the backbone. There are many difficulties 
and disadvantages of this prior art technique. 
Some of these are: a) only minor quantities 

30 and yields of the graft polymerization can be 
obtained even imder the best circumstances 
since the kinetics of the reaction strongly 
favour the production of homopolymer mther 
than graft polymer; b) the backbone polymer 



is seriously degraded; c) the catalyst solubility 
is incompatible with ^e badcbone polymer 
solubility; and d) liie physical properties of 
the resulting materials are unsatisfactory. 

It has now been discovered, and forms the 
substance of this invention, that graft co- 
polymers can be obtained using the process 
set forth herein in substantial yields and with 
only moderate amoimts of homopolymer 
formation. Moreover, the resulting blends of 
graft copolymers and homopolymers are ako 
useful compositions. Therefore it is not neces- 
sary in every instance to separate the graft 
polymer from the polymeric reaction product 

In brief, the process of the invention in- 
volves reactmg cerrRin halogenated polymers 
in an inert solvent ^referabty dissolved) with 
an Al(M)sR compound and a cationically poly- 
merizable monomer, at a temperatmre of from 
-90 to -f70°C. with agitation for period 
sufficient to complete the reaction. The con- 
tacting of these starting materials with each 
other can be done in any order. The habgen- 
ated polymer and the A1(M)2R compound 
when used together act as the active catalyst 
system. 

The' polymers suitable for use as backbone 
polymers include any halogenated, i.e. chlorin- 
ated, brominated^ iodinated, or fluorinated 
polymer in which the halogen atoms are on an 
allylic, tertiaiy or benzyhc carbon atom, or 
on combinations of said carbon atoms. By 
allylic is meant 
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by tertiary is meant 



— CH— C— CH,.; 
I 

CH. 



by benzylic, is meant 



X 
I 




5 all when X is halogen. Chlorine-containing 
polymers are preferred. The polymers can be 
prepared from halogenated monomers or the 
halogen functionality' can be introduced ^vith 
any suitable post-poKmerization technique. 

10 Thus, most hydrocarbon hjgh poljiiiers can 
be tised as the backbone polyraei* for th2 sya- 
thesis after a suitable post-polymerization 
treatment. If the functionaUtj'^ of the bad:bone 
polymer is at the end of the chain, it is pos- 

15 sible to obtain bloclt copol^'mers of the A— B 
type. 

Suitable examples of polymers which can 
be used in the backbone are poly- 
vinyl chloride, polsrvinyHdene chloride, 

20 polyvinylbronude;, polyvinyiifluoride, poiytetra- 
fluoroe±ylene, polychloroprene, as well as 
pDlymen which have been modified by post- 
polymerization treatment to introduce func- 
tionality, for example, chlorobutyl rubber, 

25 chlorinated polyethylene, chlorinated ethylene- 
propylene copolymer, chlorinated or hydro- 
chlorinated natural rubber, poly - cis - iso- 
prene, poly - cis - butadiene, polystyrene, poly- 
piperyfene and hydrochlorinated hyxyl rubber. 

30 However, it must be noted that it is import- 
ant that the polymer backbone material must 
not contain groups which would interfere with 
the catalyst or deactivate it. Groups which 
would tend to have tliis effect are —CO, 

35 --COOR, — NH— , — SH and — NO,. Thus, 
polymers such as polyaoylonitrile, polyacryl- 
ates, polyesters, nylons, polysulfides and the 
li^ are unsuitable for the purposes of this 
invention. 

40 It will be noted that some of the halogenated 
polymers specifically sec fcMth above are not 
normally tnougOL to contain allyh'c, teruary or 
benzylic functionality, e.g., polyvinyl chloride. 
However, only a very small amount of such 

45 functionalny is necessary, i.e. at least 0.01 moic 
""i eg 0.01 to 5 mole "A, preferably 0.1 to 3 
mole and most preferably, 0.5 to 3 
mole ?C Studies have shown that the well 
laaown structure of polymers such as polyvinyl 

50 halides and polyvinylidene halides, polychloro- 
prene, etc., constitutes no more than 9S% of 
the polymer chain and that various random 
forms occur for up to 27, or more of the 



polymer backbone. As a result, the poljoners 
listed in this paragraph either contammg 55 
halides as pan of the polymer or havmg been 
chlormfited v/ill contain up to 5 mole -/ of 
chlorine functionality which is present as 
allylic, tertiary or benzylic halogen atoms so 
that these polymers are suitable for the prac- 60 
tice of the invention. See, for example. Poly- 
mer, Volume 6, page 625, 1965, an article 
"Abnormal Structures in Polyvmyl Chlonde I 
— A Method of Estimating Labile Chloride 
GrouDs in Polyvinyl Chloride", by W, I. Ben- 65 
gough and M. Onozuka, and Joumal of Poly- 
mer Science, Volume 13, pages 251—262, 
1954, an aiTlcle entitled 'The Struaure of 
Necprene VII — Infrared Analysis of Con- 
figuration", by J. T. Alaynard and W. E. 70 
Mochel. 

It is well known that polyethylene may con- 
tain up to 5 mole V, of branching which may 
be at least methyl groups; when ethylene is 
chlorinated the itnhr/ hydi'ogens are select- 75 
ively chlorinated first. 

Suitable cationicaily poiymerizable mono- 
mers which can be used in the process of the 
invention include isobutene, sntene and its 
derivatives, propene, 1-pentene, 2 - ethyl - 1- go 
hexane, butadiene, isoprcne, chloroprene, di- 
methyl butadiene, piperylene, cyclopentadiene, 
cyclohesadiene, /3-pinene, methylene norbom-"^ 
enc, and a vinyl alkyl ether. The list of cat->^ 
ionically poiymerizable monomers on page 286 85 
of a book entitled "Copolymerizations" edited 
by G. E. Ham, published by Interscience 
Publishers, New York (1964"; is further illus- 
trative of the monomers which can be used in 
the process of the invention. 90 

The catal^-st sj^tem, which is an essential 
feature cf the present novel process, comprises 

(1) at catalyst of tlie type Al(M^jR, where M 
is a branched or straight chaui Q to Ci^ alkyl 
radical and R is M, hydrogen or halogen, and 95 

(2) a halogen containing polymer with the re- , 
quisite functionality-. For purposes of brevity, 
the comoounds repiusented by die formula 
AirM) .R'wiU be referred to as the "catalyst" 
though it should be realized that tliese com- itJO . 
pounds will, by themselves, net act as a 
caxalyst in tlic graft poliTjerizations of this 
mvention. The halogenated pol5-mer is also 

pan of the catalyst system and really is a 
macro co-mitiator or co-catalyst. 105 

The catalyst components utilized in the pre- 
sent novel catalyst sj-stem are those compounds 
represented by the general formula A1(M),.R, 
where M is a branched or straight chain alkyl 
group having from 1 to 12 carbon atoms and 110 
R is selected from the group consisting of M, 
hydrogen and halogen. Suitable catah'st com- 
pounds coming within tlie scope of the above 
general fonnula include: diethyl aluminum 
chloride, dipropyl aluminum chloride, diiso- 115 
propyl aluniinuni chloride, dibutyl aluminum 
chloride, diisobutvl aluminum chloride, di- 
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pentyl aluminum chloride, dihexyJ alumiaum 
chloride, didecyl aluminum chloride, diethyl 
aluminum bromide, diisobutyl aluminum 
bromide, dioctyl aluminum bromide^ didodecyl 
5 aluminum bromide, diethyl aluminum iodide, 
dibutyl aluminum iodide, dihejptyl aluminum 
iodide, dinonyl aluminum iodide, ethyl propyl 
aluminum chloride, propyl butyl aluminum 
chloride, ethyl propyl aluminum bromide, di- 

10 ethyl aluminum hydride, dibutyl aluminum 
hydride, dihexyl aluminum hydnde, trimethyl 
^ aluminum, triethyl ahiminum, methyl diethyl 
- aluminum, dimethyl ethyl aluminum, triiso- 
butyl aluminum, and trihexyl aluminum. The 

15 compounds of the subclass illustrated by tiie 
formulae AIR', and AIR'.X, where R' is a 
straight chain alkyl group having 1—12 carbon 
atoms and X is halogen, are preferred. Par- 
ticularly prefOTed are triethyl aluminum and 

20 diethyl aluminum chloride, which will be used 
here for illustrative purposes. 

Diethyl aluminum chloride, which is com- 
merdaily available, is a clear colorless liquid 
with a melting point of - 74°C., and a boil- 

25 ing point of 208°C. The substance is highly 
reactive with ox>-gen and will burst into flames 
in air and react violoitly with water. It is 
miscible with saturated aliphatic and alicyclic 
hydrocarbons, chlorinated hydrocarbons, car- 

30 bon disulfide, etc. 

The temperature at which the synthesis is 
carried out will range from +70 to -90, 
preferably +40 to - 80, and most preferably 
+30 to -70<'C. 

35 Moreover, in certain situations, the process 
of the invention can be carried out with no 
solvents. In these instances, the unreacted 
monomers would act as tlie solvent. For in- 
stance, certain low molecular weight polyvinyl 

40 chlorides can be dissolved in liquid styrene 
monomer. Upon addition of the catalyst, the 
grafting reaction will be initiated and will be 
limited only by the disappearance of the 
monomer, i.e., liquid phase. 

45 Using tht technique of this invention, great 
control can be exercised over the type of 
branches which are synthesized on the back- 
bone polymer. These grafted branches can be 
long, high molecular weight chains or low 

50 molecular weight oligomers having only a few 
units. Moreover, it is possible to form graft 
polymers where the branches are copolymers. 
An example of this is the grafting of a co- 
polymer of isobutene and a diene onto poly- 

55 vinyl chloride or chlorinated ethylene-propyl- 
ene rubber. 

It is one of the advantages of this inven- 
tion that great scope is afforded to the syn- 
thesizer to produce products of widely vary- 

60 ing properties. For instance, materials such as 
polyvinyl chloride can be grafted with mono- 
mers such as isobutylene to produce clear 
pliable fihns and pads on compression mold- 
ing. Thus, by utilizing the technique of the 

65 mvention, polyvinyl chloride, normally a 



brittle material, can be superplastidzed by 
the graft branches so that the addition of ex- 
traneous plasticizers which are normally absol- 
utely essential can be dispensed with or the 
reuired quantity can be greatly reduced. The 70 
materials which have been plasticized by graft- 
ing according to the process of this invention, 
are referred to as "internally plasticized poly- 

The versatility of the invention is also evi- 75 
dent in a completely different aspect. Thus, 
it is possible to graft cationically polymeriz- 
able diene monomers to a polymer backbone 
to produce sulfur vulcanizable materials. For 
example, isoprene was grafted onto a halogen- 80 
ated ethylene-propylene copolymer rubber. 
The resulting product was sulfur cured using 
a standard vulcanization recipe. Its volume 
swell and per cent insoluble characteristics 
were ahnost identical to those of a sulfur 85 
vulcanizable ethylene-propylene terpolymer 
obtainable conmiercially. 

It is also possible to obtain unusual polymers 
having both ±e properties of a thermoplastic 
resin and of an elastomer. Thus, when styrene 90 
is grafted onto a halogenated butyl rubber 
backbone, the resulting graft polymere have 
an unusual molecular configuration in which 
the butyl rubber backbone elastic phase is 
chemically bound to a repeated glasslike poly- 95 
mer phase, i.e., the polystyrene glass, to result 
in a material which is schematically illustrated 
in Figure 1. This material may be thought of 
as analogous to a cured rubber where the 
cross-links are the glass-like phase and the 100 
backbone is the elastic phase. Thus elastic 
properties in a thermoplastic material can be 
obtained. 

In a typical polymer of this type, the stress 
relaxation was investigated at 30^C, under a 105 
variety of extensions (from 10— 1007o) and 
over a variety of times (from 1 day to 2 
weeks). The unvulcanized sample did not show 
permanent set after one month of testing, i.e., 
it completely recovered its original lengtii and 110 
shape. Apparentiy, the rigid polystyrene areas 
are held together by strong hydrogen bonds so 
that the overall system behaves like a vulcan- 
ized unit. However^ the cohesion between the 
rigid areas can be disrupted by solvents, i.e., 115 
the system is soluble. Moreover, these graft 
copolymers have very peculiar solubility pro- 
perties. For example, a panicular butyl rubber 
polystyrene graft containing about 40 mole % 
polystyrene was soluble in methyl ethyl ketone 120 
(MEK) and in n-heptane^ solvents which do 
not dissolve both individual components, i.e., 
butyl rubber is insoluble in MEK and poly- 
styrene is insoluble in n-heptane. Nevertheless, 
the graft is soluble in both of these systems, 125 
possibly because the soluble moiety drags the 
insoluble moiety into solution. 

Thus, it will be apparent from the above 
and the Examples which follow that the 
physical properties of the graft potymers will 130 
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be deteimined from a variety of factors in- 
cluding the choice of the starting badcbone 
material, the cationically polymerizable mono- 
mers used, the backbone to graft branchmg 
5 ratios, etc. The graft polymers wiU have pro- 
perties ranging from materials which have 
elastaneric properties to materials which have 
plastic properues and those widi properties 
therebetween. 



To account for these unique phenomena, a 10 
theory has been proposed. It is, in its basic 
aspect, the supposition that tlie halogenated 
polymer is in reality a macromolecular co- 
catalj'st in conjunction with A1(M)2R. Thus, 
die macromolecular cocatalyst is in effect an 15 
initiator which is itself incorporated into the 
new graft polymer. Schematically, the concept 
can be expressed as follows. 



AlEtoQ -r Polymei>-a 



Polymer^* AVEhCl^P 



rfunctional polymer containing very few functional sites) 



Polymer® AlEt2a2^ — 



-> Polymer — MMM — — — — 



*M is the cationicsdly polymerizable monomer. 



20 Thus, under this theory, the AlEtXl catalyst 
removes the halogen, i.e., dilorine, from tlie 
polymer thereby generating a carbonium ion 
site on the polymer backbone. This cari>onium 
ion can then initiate the polymerization of 

25 cationically polymerizable monomers. The 
polymer which is used as a cocatalyst becomes 
the backbone and the monomer whose poly- 
merization is initiated by the polymeric co- 
catalyst then forms repeating units which be- 

30 come a branch of the new graft copolymer. 

The invention will be further illustrated by 
the following Examples. In these Examples, all 
syntheses were carried out in dry glass equip- 
ment in a stainless steel dry box under a nitro- 

35 gen atmosphere. 

EXA.MPLE 1 

G-f-aftmg Stymie Onto Chlorobmyl Rttbber 
Chlorobutyl rubber having a viscosity aver- 
age molecular weight of 406,000 and contain- 

40 ing 1.2iy, by weight of Q was purified by 
dissolving hi n-pentane and precipitating in 
acetone; this procedure being repeated 3 times. 
The final pure polymer, free of stabilizers, etc., 
was dried in vacuum at 50^C. overnight. 

45 Cocatalyst Solution: 1 g. of purified chloro- 
butyl rubber was dissolved in 30 ml. n-pentane 
at room temperature. When this solution was 
cooled to - 50^C^ the volume ccmtracted to 
26 ml- 



50 Cfiarge: 



10 ml. styrene 
10 ml. n-pentane 
0.13 ml. AlEt.Cl 



The charge was stored at - 50^C. It was per- 
fectly cleai' solution. 
55 1st Cotit>'ol Experiment : 3 ml of the charge 
solution was placed in a test tube and stored 
at _ 50°C. for a period of 3 hours. During 
this time no change was noticeable in the 
system. 

60 2nd Control Experiment: 2 ml. of the charge 
solution was placed into a test tube and 0.03 
ml. ri drop) tert.-butyl chloride was intro- 
duced at -50°C, Immediately vigorous, al- 



most explosive poijiuerization took place and 
large amounts of polptvTene formed. Conver- o5 
sion was complete. (This ejcperiment indicates 
that the catalyst system is acdvc.) 

Experiment fA): Into the remaining 15 ml. 
of charge solution at -50°C was introduced 
2 ml. of the chlorobutj'l rubber solution. Im- 70 
mediate cloudiness indicated a reaction. After 
30 seconds large amounts of white polymer • 
tilled the tube. The reaction was terminated by 
adding a few mis, of methanol. ^ 
Polymer Chmacrerizarion: The reaction pro- 
duct was placed m 100 ml. of acetone for 15 
hours at room temperature. Acetone is a sol- 
vent for horaopolj'styrene so that this treatment 
removed diis constiment. A small amount of 
acetone soluble h(Mnopolystyrene was removed. 
After acetone excracdon, the polymer was 
dried in vacuum at 50^C. Yield 2.572 g. of 
brittle white powder. 

Thus, the reaction product contains 0.077 
g. chlorobutyl rubber backbones and 2.495 g. 
polystyi^nc branches. 

A small sample of tiie reacdon product was 
placed in acetone, an exceilent solvent for high 
molecular weight homopol>'Styrene but a non- 
solvent for chlorobutyl rubber. The sample ^ 
did not dissolve in acetone indicating the pre- 
sence of chlorobut^-1 rubber. 

Another small amount of this product was 
placed in toluene, an excellent solvent for both 
chlorobutyl rubber and polystyrene. The ^5 
sample dissolved in toluene. 

These solubility tests indicate the presence 
of a graft copolymer. Infrared spectra con- 
lirmed this. 

The diermal behavior of the graft copolymer 100 
and a control pol3'St5Tene sample was investi- 
gated on a hot-stage microscope under polar- 
ized light. Thus a small amount of graft co- 
polymer and a simihr amount of polystj-rene 
/'from control experiment 2) were placed side- 105 
by-side on a microscope cover plate and the 
heating was turned on. Simultaneous observa- 
tions were made as follows : 
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5 



10 



Temperature "C. 


Graft Copolymer 


Control Polystyiene 


65 


Unchanged 


Starts to melt 


75 


Unchanged 


Strong melting 


95 


Softens under pressure 


Flows under pressure 


97 


No change 


Completely molten 


100 


Birefrmgence appears 


— 


110 


Bire&ingence 


— 


122 


Birefringence, starts to lose shape 




127 


Birefringence, starts to disappear 




130 


Melts under pressure 




137 


Flows imder pressure 





Experiment (B): This ej^eriment was carried 
out under identical conditions to Experiment 
(A) except a more dilute styrene was used. 
5 Thus 

Charge: 10 ml. styrene 

210 ml. n-pentane 
0.13 ml. AlEtaQ 



The charge was stirred in a beaker at - 50°C 
It was completely clear solution. 22 ml. of 
chlorobutyl rubber solution (containmg 0.845 
g. chlorobutyl rubber) was introduced into the 
styrene charge at - 50°C. Soon haziness de- 
veloped and after about 6 minutes of chloro- 



butyl rubber addition the solution became 
cloudy. After 15 minutes, fluffy white polymer 
appeared. The reaction was terminated 41 
mmutes after chlorobutyl rubber introduction. 
At this time, large amounts of polymer were 
visible. It was extracted with acetone and 
dried. The yield after drying, etc. was 1.7707 
g. of pliable springy transparent fihn. Thus, 
this graft copolymer contained 0.845 g. chloro- 
butyl rubber backbones and 0.925 g. poly- 
styrene branches. 

The thermal history of the produa pro- 
duced in Experiment (B) observed on a hot 
stage microscope, together with a control 
homopolystyrene was as follows: 



Temperature X. 


Graft Copolymer 


Control 


65 




Starts to melt 


81 


Contours essentially unchanged 


Contours gone 


88 


Substantially unmolt^ 


Substantially molten 


/104 


Substantially unmolten 


Completely molten 


109 


Melts under pressure 


Qear melt 


111 


Substantially unmolten without pressure 


Qear melt 


122 


Starts to mdt without pressure 


Qear melt 


130 


Major melting, flows under pressure, 
not shape retaining 


Qear melt 



35 



Products obtained in these two experiments 
contain different amounts of styrene which ex- 
plains their different physical appearance. The 
produa obtained in Experiment (A) contains 
large amounts of styrene branches and is a 



brittie powder. The other obtained in Experi- 
ment (B) contains far fewer styrene branches 
and is a springy, pliable flbn. 

Other monomers which can be used with 
chlorobutyl rubber include isobutyleae, buta- 



15 



20 



25 



40 
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diene, isoprene, piperylene, vinyl ethers and 
benzyl chloride. 

Other backbone polymers that can be used 
include polyvinyl chloride and poly - 2 - 
5 chlorcethyl vinyl edier. Final polymer proper- 
ties would be determined by the two parent 
materials, i.e., badsbone and branch, as well 
as by the relative concentration of the two 
parent components. 

10 Example 2 

Grafting Styrene Onto CJdorobntyl Rubber 
Commercially available chlorobutyl rubber 
(vise. ave. moL wt. 406,000, % by weight 
CI = 1,21, I2 number 9.1 corresponding to 

15 134 mole % unsaturation) was dissolved in 
dry n-pentane, precipitated into acetone, re- 
dissolved in n-heptane, reprecipitated into 
acetone and dried for about 3 hours in a 
vacuum oven at 60°C Fifty g. of the cleaned 

20 material was dissolved in 450 mL dry n- 
pentane 10^; by v/eight solution) and 
cooled to -50°'C. This solution was some- 
ivhat cloudy but it was pourable at - 50°C 
In tlie meantime, a charge was prepai^ed by 

25 mixing 100 ml. of fineshly distilled styrene with 
900 ml. dry n-heptane at -SO'^C in a i liter 
beaker equipped with stirrer and thermo- 
couple. To this charge was added 2.6 nil. 
AlEt-Cl. The whole operation was carried out 

30 in a stainless steel diy-bos under a nitrogen 
atmosphere. 

455 ml chlorobutyl rubber solution (or 45 g. 
chlorobutyl rubber) was added into die charge 
under vigorous stirring. A VC. temperature 

35 rise was observed on mixing of these solutions. 
After about 23 minutes of stirring at - 50°C., 
the reaction became noticeably tliicker. After 
about 28 minutes a heavy gel mass filled the 
reactor and stirring became very difficult. The 

40 color of the reacticHi mixture turned graduaUy 
to orange. At this point, a few mis. of meth- 
anol and about 1 liter of acetone were added 
to die mixture and the system removed from 
the dry-box. The product was sdrred and 

45 kneaded with 3 liters of acetone until it be- 
came snow white. The acetone ^ms decanted 
and the product was washed by kneading with 
1 liter of acetone 5 tunes. Finally, the acetone 
was filtered off and ±e acetone solutions dis- 

50 carded. The acetone insoluble product v/as 
extraaed with hot MEK by stirrmg it in this 
solvent over night and fQtering. Subsecjuently, 
the MEK soluble produa was precipitated 



into acetone, fiitei-ed and dried. The process 
yielded 49 J g. of white tough pol^Tner. 55 

The graft copolymer was analyzed as fol- 
lows: 

Solubility Studies: The product was soluble 
in methyl ediyl ketone, n-heptane and toluene. 
This indicates grafting since chlorobutyl rub- 60 
ber is insoluble in MEK and polystyrene is in- 
soluble in n-heptane. The fact diat the product 
dissolved in bodi of these solvents indicates 
the presence of a copolymer and that the sol- 
uble part of the copolymer "pulls into soiu- 65 
don" the insoluble moiety. Toluene is a good 
solvent for both components. Solubility in 
tills solvent was expected. 
Differential Thermal Analysis: The DTA 
spectrum of the material shows the presence 70 
of chlorobutyl rubber (second order transition 
point at -74^) and polystyrene (second order 
transition point ai about -f-100°C*;. This 
again indicates graft copolymerization. 
Injnwed Analysis: The infrared ^jearum of 75 
the product was carefully analyzed. Com- 
parison of this speca-um with diose of pure 
components (di) clilorobutyl loibber and (b) 
polystyrene indicated the presence of 59 V7t.% 
chlorobutyl rubber and 41 wt.;! polystyrene 80 
in the graft. 

Differentid Refractomeiry: The composition 
of the graft copolymer was analyzed by differ- 
endal refractomctry. According to these re- 
sults, the graft polymer contained 39.7 wt.'o 85 
polyst>'rcne and 60.3 wt.% chlorobutyl rubber 
species. 

Nuclear Magnetic Resonance Analysis: The 
NMR spectrum of the graft vizs analyzed by 
comparing it to spectra of pm-e chlorobutyl 90 
rubber and homopolj^tyrene. This analysis 
indicated the presence of about 60 mole % 
chlorobutyl rubber and 40 mole % polystyrene 
in the graft copolymer. 

Elemental Analysts: The chlorine content of 95 
die graft copoljiner v/as less than 0.27% by 
wei^t. The origmal chlorobutyl rubber back- 
bone contained 1.21% by weight Q. These 
data indicate that grafting was quite extensive. 
Pliysical Properties: 100 
Melting Properties on a Heat Stage 
- Micwscope 
Visual observations were made as to the 
physical apearance of the polymer on a micro- 
scope equipped with a heated stage. The fol- 105 
lowuig record was obtained. Heating rate 
was about 4^C/mm. 
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7 



Temp., *C. 



Observation 



10 



15 



20 



25 



30 



35 



25 
57 
72 
87 
97 
110 
125 

135 

195 



Compresses under pressure;, rubbery. 

Soft, recovers shape after pressure released. 

Qear, recovers shape after pressure released. 

Gear, recovers shape after pressure released. 

Qear, recovers shape after pressure released. 

Clear, recovers shape after pressure released. 

Clear, flattens, does not return to original shape 
after pressure released. 

Qear, flattens, does not return to original shape 
after pressure released. 

Clear liquid. 



Compression Molding : The graft polymer was minutes in a rubber press. The following data 5 
milled on a smaU cold rubber mill and subse- were obtained on physical properties 
quently compressictti molded at 320OF. for 60 r ^ r 



Modulus, psi 



100% 200% 



400% 500% 



Tensile, 
psi 



Elongation^ 

% 



492 



678 



857 



952 



1190 



1238 



580 



The compression molded test pieces were 
clear transparent products. All the products 
remained soluble in toluene after compression 
in the press. 

Casting from Solvents: The graft polymer 
was dissolved in MEK^ n-heptane and toluene 
and fihns were cast on a mercury surface. All 
these films were optically clear and tou^. 
Stress Relaxation: 'Rmgs were molded ftom 
the graft polymer and its stress relaxation was 
determined at 30<'C. from 100% extension 
from 1 day to 2 weeks. Data show that the 
graft copolymer did not exhibit permanent set 
after 1 month of testing, i.e., it completely 
recovered its original lenglh and shape. In con- 
trast^ uncrosslinked homopolyisobutene "flows 
apart" under identical testing conditions. 

Example 3 
Grafting Styrene Onto Chlorobutyl Rubber 
The purpose of this experiment was to pre- 
pare graft copolymer at -70°C. using a 
higher styrene/chlorobutyl rubber ratio than 
previously. 

Chlorobutyl rubber was purified by dissolv- 
ing and reprecipitation as described in Ex- 
ample 2. Then 23.04 g. of chlorobutyl rubber 
was dissolved m 438 ml. of dry n-pentane 
(about 5% solution), cooled to -70°C. and 
introduced into a charge consisting of 100 ml. 
styrene, 90 ml, n-penmn^ and 1.3 ml, AlEt .Cl 



at - 70^C. under the general conditions des- 
cribed in Example 2. The temperature of 
the mixture rose by 1*^C. upon mixing the 
ingredients. 

After 10 minutes of stirring at - 69°C. the 
content of the reactor started to thicken; after 
12 minutes it was a very viscous system; after 
17 minutes it was hardly possible to stir and a 
yellow color appeared. Significantly, after 20 
minutes of stirring the viscous system loosened 
up and after 22 minutes of stirring the pale 
yellow system became completely fluid. After 
24 minutes the system started to thidcen again 
and the color deepened to l%ht orange. After 
38 minutes of stirring, 2 ml. cold methanol 
was added and subsequently 400 ml. acetone 
was introduced. 

A white slurry was obtained which was 
poured into 2.1 of acetone. The slurry was 
allowed to settle and the clear acetone was 
decanted, washed twice with 1 : 1 of acetone 
and decanted, then centrifuged and washed 
twice with acetone. Subsequently, the product 
was extracted with lefluxmg acetone under a 
Na atmosphere over night and filtered. 

The acetone insoluble product was extracted 
with methyl ethyl ketone on the steam bath, 
filtered and precipitated with methanol, 
washed with acettme and dried. YieW 1.470 g. 
of white hard solid. 

This produa was analyzed as follows: 



40 



45 



50 



55 



60 



65 
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10 



15 



20 



25 



30 



35 



Solubility I Clear solution in toluene, opales- 
cent solutions in n-lieptane and methyl ethyl 
ketone. 

Melting hehamo? (hot stage microscope;: 

48°C softens under pressure 

70°C. starts to melt 
lOO^C largely melted 
147°C. completely molten 

Infrared analysis: Comparison with pure 
chlorobutyl rubber and polystyrene indicates 
the presence of 37.5 wt.% chlorobutyl rubber 
and 62.5 wt.% polystyrene. 
NMR Analysis: Comparison with the pure 
components indicates 52 mole % chlorobutyl 
rubber and 48 mole % polystyrene. 
Chlorine analysis shows less than 0.27: CL 

Examples 4 to 6 
Grafthig Styi-ene Oftio Chlorobutyl Rubber 
The purposes of these three experiments 
was to see the effect of temperature on graft 
copolymer properties. Thus, grafting of styrene 
onto chlorobutyl rubber was carried out at 
+ 11, -20 and -50°C. under essentially 
identical conditions. 

A dilorobutyl rubber (30 g.) solution m n- 
hexane (600 ml.) was prepared. The chloro- 
butyl rubber was purified as described in Ex- 
ample 2. The chlorobutyl rubber solution was 
divided into 3 parts and to each part was 
added 39 ml. (35.36 g. or 034 mole) styrene 
and 350 ml. n-hexane. Thus, in these 3 experi- 
ments the charge consisted of 10 g. chloro- 
butyl rubber in 39 ml styrene and 550 ml. 
n-hesane and to these charges was added at 
different temperatures the catalyst solution 



ro.43 ml. AlEt:;Cl in 10 ml. n-hexanc). 
The run at +11^C.: Upon addmon of the 
catalyst, the clear reaction mixture became 
cloudy dien milky and an orange color de- 
veloped. The temperature rose to +29 -C. for 
a short while. The reaction was terminated 
33 minutes aftei* catalvst introducaon by the 
addition of 2 ml. methanol in 100 ml. acetone. 
After acetone extraction, centrifiigmg and dry- 
ins, the yield was 17.8 g. graft copolymer, a 
tough white material. The acetone soluble part 
was 21.7 g. (pure pol^-st^Tene:. ^ 
The run at -20^C.: The solution turned 
orange on catalyst addition and the tempera- 
mre rose to -4°C. for a short while. The 
reaction was terminated 30 minutes after 
catalyst mtroduction by adding 2 ml. methanol 
and then 3.1 litres of acetone. After acetone 
extraction, filtration and drying in a vacuum 
oven at 60^C., the yield was 18.4 g. graft 
copolymer, a tough uansparent maienaL Ihe 
combined acetone extracts yielded 27.80 g. 
acetone soluble product (pure polystj^Tcne;. 
The run at -50^C.: The systan suddenly 
gelled 10 seconds after catalyst addition and 
turned orange. Stirring became ahnon impos- 
sible and the temperature rose to - 38^U iJie 
gel was broken up by working v/ith a spatula 
and introducing 100 ml. n-hexane. The re- 
action was terminated 30 minutes after catalyst 
inuoduction by adding 2 ml. methanol and 
then 3 1. acetone. After acetone extraction, 
filtration and drying in a vacuum oven at 
60-C. the vield was 17.5 g. graft copoljuier. 
The acetone extracts yielded 26.56 g. pure 
homo-poiystyrene. , 

The followmg table summarizes analytical 
results obtained with these three runs: 



Temp., 



Yield, g. 



wt. 



I.R. 

(wt. ?o) 



N,M.R. 
(mole ^,o) 



4 


-11 


17.8 


<0.1 


55.5 ClBu 
44.5 St 


63 ClBu 
32 St 


5 


-20 


18.4 


<0.1 


55.5 QBu 
44.5 St 


59 ClBu 
38 St 


6 


-50 


17.5 


<0.1 


53.5 ClBu 
46.5 St 


65 QBu 
36 St 



40 



45 



50 



55 



60 



65 



70 



Example 7. 
Grafting Styrene Onto Chlorobutyl Rubber 

The purpose of this experiment was to ob- 
serve the effect of catalyst concennration on 
graft copolymer properties. 

A charge was prepared consisting of 10 g. 
chlorobutyl rubber (0.0034 moles Q) in 200 
ml. n-hexane, 39 ml. (35.36 g. - 0.034 
moles) styrene and 350 ml. n-faesane ma 
stirred at -50=*C. To this solution was added 
at - 50^ the catalyst solution 0.043 mL (0.041 
g 0.00034 molesl AIEt,Cl in 10 ml. n- 



hexane. After 138 mmutes of stirnng the re- 
action was termmated by introducing methanol 
and the product was extracted with 3 hters 
of acetone. However, clieniical and spectro- 90 
scopic analysis indicated that under these con- 
ditions, i.e., using a low catalyst concentration, 
no substantial grafting had taken place. Thus, 
the acetone insoluble produa had a molecular 
weight of 371,400 roriginal chlorobutyl rubber 95 
373,000), chlorine content of 1.14 vjV% 
roriginal chlorobutyl rubber 1.15 wt.yj and 
iodine number 6.18 (original chlorobutyl rub- 
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ber 5.77). Infrared and NMR spectroscopy 
showed no evidence for polystyrene in tlie 
spectra of this product. 
The acetone extract was evaporated. It was 
5 found that this extract contained (Hily traces 
of a white polymeric produa. 

Example 8 
Grafting Styrene Onto Chhrobutyl Rubber 
In th& series of experiments an Al£t^ 
10 catalyst was used for grafdng. However, be- 
fore the grafting experiment^ several prelunin- 
ary experiments were carried out to establish 
the activity of the catalyst^ and the fact that 
AlEt^ will not initiate a reaction unless in the 
15 presence of a co-catalyst 

A. In the first preliminary e^ieriment, a 
solution was first prepared of 35.4 g. (39 ml,) 
styrene in 350 ml. of carefully purified n-hex- 
ane and maintained at — 50°C. From this 

20 solution a 10 ml. aliquot was removed and 0.5 
ml AlEtj was added to it at -50°C. No re- 
action occurred for 2 hours at this temperature. 
This ejqjeriment indicated the complete in- 
activity of AlEi^ toward styrene. 

25 The es|>eriment was continu^ by introduo- 
mg into the quiescent mixture slowly 0.3 ral. 
tert.-butyl chloride^ whidi is a powerful co- 
catalyst in conjunction with AlEtj as disclosed 
in Belgian Patent 663,320. Shortly after co- 

30 catalyst introduction, the clear solution became 
hazy, then increasingly doudy. Since poty- 
styrene is insoluble in cold n-hexane the 
cloudiness in this experiment indicated the 
polystyrene formation and consequently it 

35 indicated the activation of AlEtg by the tert.- 
butyl chloride co-catalyst. An identical experi- 
ment was also carried out at - 20°C. In these 
experiments a small molecule (tert.-butyl 
chloride) was used as a co-catalyst to initiate 

40 the polymerization of styrene. In the follow- 
ing experiment, a polymer molecule (chbro- 
butyl rubber) was used as die co-catatyst to 
induce pofymerization. 

B. A charge was prepared of 50 ml. styrene 
45 and 1 ml, AlE^ and stured at ~20°C. in the 

dry box tmder nitrogen atmo^here. To this 
charge was mtroduced a prechilled 10 g. 
dilorobutyl rubber in 200 mL n-hexane solu- 
tion, ix., the co-catalyst. (Chlorobutyl rubber 

50 analysis : mol.wt.: 373,000, 1.151% by weight 
CI, iodine number: 5.77). Mmediately the 
system became cloudy, thai milky and the 
temperature rose sha4>ly to -l-l°C. Stirring 
became diflScult. Twenty minutes after the 

55 introduction of the chlorobutyl rubber solu- 
tion the reaction was terminated by introduc- 
ing 2 mL methanol and 2 liters acetone. Sub- 
sequentty, the product was exhaustively ex- 
tracted with large amounts of acetone, filtered; 

60 the^ filtmte dissolved in toluene and repre- 
dpitated into methanol After drying in vacuo 
at 50^C.5 17.1 g. of hard plastic product was 
obtained. Infrared analysis indicated that the 
graft copolymer consisted of 55 wt% chloro- 



butyl rubber and 45% polystyrene. Chlorine 65 
analysis of the sample indicated the presence 
of 0.58 wt.% Q and the iodine number was 
4.88. 

The acetone extracts were combined, evap- 
orated and precipitated into methanol. A total 70 
of 22.8 g. of j)roduct was btained which on 
infrared analysis was found to be pure poly- 
styrene. 

The acetone insoluble graft copolymer was 
compression molded and a dear, rubbery sheet 75 
was obtained. Whai this sheet is stretched 
opalescence appears which disappears when 
the stretching force is rdeased and the film 
retracts to its original shape. A similar sheet 
was obtained by casting from toluene solution. 80 

EXAMPLB 9 

Grafting p-Chloro Styrene Onto Chlorohtityl 
Rubber 

In this experiment^ p-chloro styrene was 
grafted onto dilOTobutyl rubber. The purpose 85 
of the e^eriment was to change the second 
order transition temperature of the branch 
frcMn 4-100°C. for polystyrene to +127°C 
f6r pofy - p - ddorostyrene. 

24.54 g. of chlorobutyl rubber (representuig 90 
6.05 X 10-* mole chlorobutyl rubber or 
0.0083 mole CI) was dissolved purification as 
in Example 2) in 181 mL dry n-pentane and 
100 mL methylene dhbride and the solution 
vpas dietmoequilibrated at - 50°C. The 95 
chlorobutyl rubber molecular weight was 
406,000, 121 wt.% CI, iodine number 9.1. 
The chlorobutyl rubber solution was added to 
a charge consisting of 10 g. (0.072 moles) p- 
chlorostyrene and 3 mL (2.87 g. = 0.024 100 
moles) AlEt^a in 100 ml. methylene chloride 
at -50°C. The tanperature rose to -46°C. 
on catalyst addition and the reaaion mixture 
turned yellow. Thirty-five minutes after co- 
catalyst (i.e., chlorobutyl robber) solution 105 
introduction an aliquot of 100 mL of the re- 
action mixture was removed from the reactor. 
To terminate the reaction in this 100 mL 
sample this aliquot was introduced into a 
beaker containing 3 ml. diethyl amine in 30 no 
ml. methyl chloride. The product was ex- 
tracted with hot acetone, centrifuged, washed 
with acetone, dissolved in toluene, centrifuged, 
repreciptated, washed with acetone, dissolved 
in toluene, centrifuge, repredpitated into 115 
acetone, washed again with acetone, and dried 
in vacuum oven at 60°C. The yidd was 7.168 
g. graft copolymer; a white tough materiaL 
Infrared analysis indicated the presence of 
74.5 wt.% chlorobutyl rubber and 255 wt % 120 
poly -p - chlorostyrene. NMR analysis showed 
about 82 mole % dilorobutyl and 14 mole % 
poly - p - chlorostyrene. The acetone soluble 
portion was 0.149 g. pure hranopoly - p - 
ddorostyrene. y25 

The remaining solution in the reactor was 
stirred at -50«»C. for a total of 165 mins. 
after cocatalyst introduction. Then the reaction 
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was terminated by introducing a dietliyl amme 
in methylene chloride solution, extracted with 
acetone and worked up as described above. 
The yield of acetone insoluble ^aft copoly- 

5 mer was 19.164 g., a tough white material. 
Infrared analysis indicated die presence of 
75.0 wt<?& chlorobutyl and 25 wt.% poly - 
p - chiorostyrene. NMR spectra showed about 
88 mole % chlorobutyl rubber and 12 mole 

10 % poly - p - chiorostyrene. The acetone sol- 
uble portion was 0.505 g. homopoly - p - 
chiorostyrene. 

These data indicate that under these condi- 
tions p-chlorostyrene can be grafted onto 

15 chlorobutyl rubber and that continued stirring 
did not increase the efficiency of die grafdng 
reaction. Apparently, grafting is a rather fast 
reaction and is completed m less than 35 
minutes. 

20 These results also show that the amount of 
homo poly - p - chlorostj-^rene formed under 
these condirions is very low (0.654 g.) as com- 
pared to the total graft copolymer obtained 
(26.332 g.). 

25 The graft copolymers were dissolved in 
toluene and films were cast. These films are 
optically clear, flexible and strong. 

Example 10 
Grafting cc-MetJiyl Styrene Onto ChloivbiHyl 
30 Rnbbei' 

The purpose of this run was to prepare a 
graft copolymer with poly - a - methyl styrene 
branches on a chlorobutyl rubber backbone. 
The second order transition temperature of 
35 poly - ie - methyl styrene is + 170^C.; that 
of chlorobutyl rubber is about - 70^C. 



The backbone pol3'mer solution was pre- 
pared by dissolving 15 g. chlorobutyl rubber 
(commercial product HT 1066, purification 
described in Example 2) in 250 mi. dry n- 40 
hexane and cooling to - 50"C. This solution 
was added to a charge consistmg of 63 mL 
(57.3 g.) freshly disuUed a-methyl styrene in 
250 ml. n-hexane and 0.61 ml. AlEt^Q at 
- 50^C. Upon polj-mer introduction the 45 
system immediately thid;ened considerably, 
stirring became extremely difficult, and the 
color turned orange. Stiiring was impossible 
after 4 mins. of polymer addition. Conse- 
quently, the reaction was terminated by intro- 50 
ducing 100 ml. methanol. Subsequently, the 
produa was kneaded in 2 1. methanol, filtered 
and dried m a vacuum oven at 60*^C. Yield 
63.7 g. white powder. Acetone extraction re- 
moved 6.74 g. of material. The acetone ex- 55 
tracted material, 56.5 g., was completely sol- 
uble in methylene chloride and mostly soluble 
in dioxane. Since pure chlorobutyl rubber is . 
largely insoluble in methylene chloride and 
is completely insoluble in dioxane and poly - 60 
a- - methyl stj'rene is readily soluble in these 
two solvents, the acetone extracted product is _ 
a graft copolpner. The graft copolymer was 
dissolved in toluene and fihns were cast These 
fiUns were slightly hazy and brittle. 65 

Example 11 
Gi-afting Styrene Onto CMorinated Ethylene- 
Propylene Rithber 
The purpose of this run was to demonstrate 
the grafting with a chlorinated EP rubber 70 
backbone. The chlorines in EP rubber are 
probably in the tertiary position in the chain : 



CH.— CHo— CH,— CH2— CH--CH- - - - 



Therefore, it appeared to be possible to graft 

75 the (ationically initiable styrene monomer onto 
this chain using the AlEt.Q catalyst. 

4 g. chlorinated EP rubber was dissolved 
(3.85% by wei^t Q) in 50 ml. n-hexane. 
(This solution represented 5.9 x 10"'' moles 

80 polymer or 0.004 moles chlorine). To this 
solution was added 35 ml. (31.7 g. = 0305 
moles) styrene and 125 ml. n-hexane and 
cooled to -46'^C This solution was quite 
viscous at this temperature level but it could 

85 be stirred readily. 

The catalyst solution 0,5 ml. (0.48 g. = 
0.004 mole) AlEtaQ in 10 ml. n-hexane was 
added to the stirred system at -46*^C The 
reaction mixture became gradually more vis- 

90 ecus and opalescent. After 33 mins. of stirring 
die reaction was terminated by introducmg 
about 100 ml. toluene containing a few mis. 
of metfianoL To the viscous liquid system was 



added about 1 1. acetone and a rubbery white 
mass was obtained. The rubbery product was 95 
removed from the acetone, squeezed dry and 
dissolved in toluene. Some toluene insoluble 
material was centrifuged off (0.106 g.). The 
toluene solution was precipitated into methanol 
and dried in a vacuum oven at 60^C. Yield 100 
5,66 g. graft copolymer. The acetone soluble 
extract contained 28.03 g. solid homo-poly- 
styrene. 

The toluene soluble material is a white very 
tough plastic. This is a graft copolymer as 105 
indicated by infrared spectroscopy, i.e., infra- 
red shows 33 wt.% ethylene-propylene co- 
polymer and 67 wt.% polystyrene. 

The graft copolymer was dissolved in tolu- 
ene and a film was cast on a mercury surface. 110 
This film was clear, transparent, pliable, and 
strong. The product was compression molded 
to clear transparent tough films. 



1,174,323 



11 



Example 12 
Grafting Styi^ene Onto Polyvinylchloride 
The purpose f this experiment was to in- 
vestigate the feasibility of grafting polystyrene 
5 branches onto a polyvinylchloride (PVC) back- 
bone. 

2373 g. of PVC (Geon 103) was dissolved 
in 1200 ml (BaO dried and distilled) o-chloro- 
toluene (2% solution) and the solution was 

10 cooled to -300Q The word *Geon' is a 
registered Trade Mark. This solution was 
introduced at - 30^ into a charge consisting 
of 100 ml. styrene and 2.25 ml. AlEtaCl under 
vigorous stirring. The temperature rose to 

15 ~ 27*^C. and the ^em became yellow. The 
reaction was tennmatcd 46 rains, after co- 
catalyst (PVC) addition by introducing a few 
mis. of methanol and then transferring the 
whole system into 6 1. of methanol. The white 

20 precipitate was settled overnight, filtered, 
washed with methanol, and then widi n- 
pentane to remove last traces of o-chloro- 
toluene. Yield 44.15 g. white powder. 
Since PVC is insoluble in cyclohexane, 

25 whereas polystyrene PS is readily soluble m 
this solvent, the product was extracted with 
1800 inl. refiuxing cyclohexane for 1 hour and 
then stirred for 3 days at ambient temperature 
^fV.^^ ^? washed widi cyclohexane, 

and dned m vacuo at 60°C. Yield 25.14 g 
graft copolymer, a white powder. 

The cyclohexane soluble part was recovered 
by precipitating into methanol. Yield 11.48 e 
pure homopolystyrene. 

35 The cyclohexane insoluble graft copolymer 
contains 92.7 wt.% PVC and 7.5 wt.% PS by 
infrared analysis. This material was compres- 
sion pressed and a homogeneous, clear, trans- 
parent, and pliable fihn was obtained. 

4U Elemental analysis of the graft copolymer 

^% fr:^\ ^ ^-3^% ^ ^ 50.55y, a. 

^d^55 9t% Cl^ ^""^ ^^-^^'/^ ^-^^^ ^ 

A'i f^^^^r^J^}^^^^^^ mixture was prepared 
45 from 93:% PVC (Geon 103) and 7% ?ationic- 
ally polymerized polystyrene and the physical 
mixture was compression pressed, a hazy 
heterogeneous film was obtained. 

„ Example 13 

^'•^^^ra^wn of Graft Polymer with Polyvinyl 
i^Monde Backbone and Polyisobutylene 
Branches 

!§• ^lP°}y^^y^ chloride (commercially 
available Vinylchlon 3000-35H (4000» ^s 
55 dissolved in 900 ml. l,2KiichloroeWm^^ 
gende refiuxing. The solution was cooled to 
JO C. and at this temperature 95 ml. iso- 
butaie monomer was graduaUy added to it 
until the mitially completely homogeneous 
60 W became faintly hazy (mLmumi^^ 
of isobutene m the system under these particu- 



lar conditions). To this system at — 30®C. was 
added the catalyst solution prepared by dilut- 
ing 2 ml. AlEtsCl with 9 ml. 1,2-dichIoro- 
ethane. Grafting commenced instantaneously 65 
on catalyst introduction and was noticeable by 
a rise in temperature (AT=10'^) and by 
milkiness developing in the reactor. About 13 
mins. after catalyst introduction 2 ml. methanol 
was added to the reactor to quench the re- 70 
action and the content of the reaaor was trans- 
ferred into 2| 1. of n-pentane. The slurry was 
allowed to settie overnight. At this point, the 
system was centrifuged, the pasty product 
washed thrice with n-pentane and centrifuged 75 
again. Finally, the product was dried m vacuo 
at 50°C. Yield 12.538 g. of white powdery 
material (graft). 

The pentane solutions were combined (about 
4000 ml), concentrated by evaporation of the 80 
solvent on a steam bath to about 500 mL and 
precipitated mto a large amount of methanol. 
This pentane soluble fraction was then collect- 
ed and dried in vacuo at 50**C. and 55.4 g. of 
rubbery polymer was obtained (polyisobutyl- 85 
ene(PIB)). ^ ^ 

The graft polymer vras placed into 400 ml. 
tetrahydrofuran (a solvent for PVC). A slightiy 
hazy solution was obtained. This sohition was 
heated (reflux) on a steam bath ovanight and 90 
precipitated into 6 1. of methanol The fatty 
precipitate was filtered, dried in vacuo at 
50OC. and 11.0 g. white powdery prodiict was 
obtamed. 

Concurrently with tiie graft polymerization 95 
the following control runs were carried out 

Control I: i ml. i;j-dichl<TOethane and' Q.6 
ml AIEtoCl were mixed at —SO'^C, To tiiis 
mixture 1 ml. isobutene was added. No poly- 
merization occurred even after 30 mms. stand- 100 
ing at this temperature, 

Con^ol 11: 1 ml isobutene and 0.6 ml, 
AlE^a were mixed at -30^0; dien 1 mL 
M-dichloroetfiane was added to the solution. 
The system remained clear and no polymer- 105 
ization occurred even after 30 mins. 

Con&ol III: To 5 ml. solution of PVC m 

added 0.6 ml AlEt.Cl, but the system r^ 
mamed unchanged (homogeneous solution^ 110 
even after 30 mins. 

Chmrcterizatian of the Graft Copolymer 
Infrared andysis: The infrared analysis of 
me graft copolymer indicated the presence of 

wt.% polyisobutylene branches and 93 5 115 
wt.% polywnylchlaride backbone (in the pent- 
ane msohible fraction). ^ 
Elmnmal analysis: Chlorine analysis of die 

1°^'^^"^^** "^^-2^% compound 
with 56.8 wL% CI m pure PVC indicating that 120 
a lai:ge amount «f grafting has taken pla^ 

ff^^l^^^ studws: The graft copolymer 'was 
studied mvanous hot solvents: 
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Non-Solvents: 



CCI4: 
CHCI3: 

Toluene: 



swellsj cloudy gel 
sligjit swelling 
fluffy gel 
swells, cloudy gel 



Solvents: THF 

Benzaldehyde: 
Aceiophenone: 
1,2-Ethylene dichloride: 



mostly soluble, hazy solution 
soluble, dear 
soluble, dear 
soluble 



Melting behaviour 
The graft copolymer and some PVC were 



and their melting was noted on a hot stage 
microscope as follows: 



Temp. 


Observations, Graft 




ObsoOTtions, PVC 


IIO'^C. 


softens 




softens 


132 


compresses 




compresses 


165 


furdier softening 




further softening 


178 


further softening 




dear spots showing 


191 


becoming plastic 




becoming plastic 


195 


plastic but still shows da 


rk areas 


mdted, clear 



Pliability sUtdies 
About 5 g. of tlie graft copolymer was com- 
10 pression pressed (about 6000 Ib./inch= at 
390*^?, fcr 30 sec.) and a pliable strwig fihn 
was obtained. The fihn could be bent around 
a cylindrical pencil without breaking. 
A fihn obtamed from pure PVC under the 
15 same conditions was britde and could not be 
wrapped around a pendl widiout crumbling 
and leaking. 



E5:ample 14 
In this eJ-T»ermient 45 g. PVC (Geon 103) 
was dissolved under heating in 3000 ml. 1,2- 
diciiloroediane and die solution cooled' to 
-30^C. Subsequently, 50 ml isobutylene was 
added to die solution at - 30°C. which became 
slightly hazy. The following is a tune log 
of the esperiment: 



20 



25 



13 



Time 



Action 



The 



catalyst : 



; 2inl 



10 



ml. 1'^- 




■„ the middle 

presses.***" 
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5 
10 



15 



resin mixed witli 0.8 g, Theimolite 31 Stabil- 
izer (Le. 4 /0 stabilizer in resin) and compres- 
sian molded pads at 370^F. for -'30—60 sec- 
onds with /-7000 Ib./inch- pressure. 



Pliability Sttrdies: as in Example 13. The 
graft copolymer gave a dear pliable film V7hich 
could be easily v/rapped around a pencil. 

Tensile Impact. : Test method: ASTM No. 
D 1822-61T. Sample preparation: 20 g. 

Graft: PVCrGeon 103 j 

160 (aver, of 3) 150 (aver, of 4) 

ASTM (Stiffness of 



Tensile impact (Ft.-lbs./incli") : 



Importantly the suface of the cut of the graft 
wag ragged and "blushed" — the nedc was 
strongly elongated — in comparison the PVC 
showed a clean cut and no "blushing". 



Flexmal Stiffness : 
Plastics by Cantilever Beam) D747-63. 
Resin compound (in g.) : (Compression molded 
pads as in Tensile Impact Test.) 





I 


II 


III 


IV 


V 


VI 


Graft 


10 




10 








Geon 103 




10 




10 


10 


10 


Thermolite 31* 


0,4 


0.4 


0.4 


0.4 


0.4 




Dioctylphthalate 










1.5 


2.5 


Stearic Add 






0.05 


0.05 


0.05 


0.05 


StifEness in Hexure 
(10^ (psO 


2.07 


2.76 


1.83 


2.71 


1.84 


1.83 



*Organo-tin stabilizer made by M & T Chec 
Trade Marie. 

These novel graft polymers are useful mat- 
erials in more than one respect and represent 
substantial improvements above existing pro- 
ducts. Some useful applications are: internally 

25 plastidzed PVC-s, i.e., PVC from which the 
plasticizer cannot ooze out, pliable lihns, tough 
molding compounds, tfaennoplastics. Another 
fttiitful application is in poly-blending: poly- 
vinyl chloride can be blended with potyiso- 

30 butylene using the graft polymer as a phase 
soliile in or compatible widi both components. 

Example 15 
Givtfting Isobtitylme Onto Polydityl Chloride 
For comparison puriK)ses there was prepared 

35 a physical mixture of polyvinyl chloride (PVC) 
and polyisobutene (PIB). The polyvinyl 
chloride used in these studies was the same as 
that used in grafting experiments, i.e., Vinyl- 
cfalon and Geon 103. The homopolyisobutenes 

40 were obtained from the pentane extracts of the 
above grafting experiments and consequently 
were for all practical purposes identical to the 
polyisobutaie grafted onto the PVC. Both 
polymers, PVC and PIB were dissolved in a 

45 common solvent^ e.g., chlorobenzene, and co- 
precipitated into methanol. The relative 
amounts of these two polymers in the common 
solvent were 89% PVC.and n% PIB to cor- 
respond with the relative amounts in the gr^ 

50 copolymer as determined by inftared analysis. 
This coprecipitate represents an intimate 
physical mixture of these two materials. 



icals. Inc. The word Thermolite* is a r^stered 

The physical mixture of PVC-PIB was 
compression molded. A badly discolored, 
heterogeneous completely unacceptable product 55 
was obtained. 

Under identical conditions the graft co- 
polymer of 89 ?ii PVC/11% PIB gave optic- 
ally clear, transparent, pliable homogeneous 
films. 60 

Example 16 (Comparative Example) 
In this example a series of runs was carried 
out in which AlEt-^Ci catalyst v/as used. The 
purpose of this experiment was to distinguish 
beuveen AlEtCL catalyst, which is a border- 65 
line representative of the conventional Friedel- 
Crafts type catalyst which does not require the 
extraneous and purposeful addition of a co- 
catalyst to acquire polymerization activity, and 
the 'catalysts used in the inventimi. AlEtClj 70 
and similar catalysts, e.g., AlCl,, SnCl.„ BF^, 
TiClfj etc., when contacted with styrene, iso- 
butene and other cationically ioiriable mono- 
mers under ordinary low temperature condi- 
tions immediately initiate the polymerization 75 
of these monomers and do not need extraneous 
co-catalysts introduction. 

A few polymerization runs were carried out 
with AlEtCli under conditions identical to 
those used in Example 2 except that AlEtClj 80 
was used in place of AIEr^Cl. In Example 2 
the introduction sequence of components were: 
1. monomer (i.e., st^'rene), 2. catalyst (i.e., 
^EtjCl) and 3. co-catalyst (i.e., chlorobutyl 
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SS'!^ES'°«?d^^AS' ""^ ^"^^ ™i S. toluene insoluble cross-linked gd. Both 

and vigorous polymenzation occurred and species separately polystyrene 

5 large amounts of polystyrene fonned. It was The toluene «iIiiMi. frunti^,, « in \ 

^ to add to this sysjem the chlcobutyl a S^^Str^^^SuJXch^^^^^^^ 

rubber sohidon because the styiene monomer sion mol£g unde^ the condSSnslsSS^ 

In another rnniithAimri . mpossible to handle it without breakmg and 

rJ,inr^?n7i AlEtCl, the stytcne and no physical testing could be carried out Tbt 



with aretone. The acetone extraas gave 213 aluminum foil aanenng to the 

with toluene yielding 8.7 g. toluene soluble and "™crvauons were made . 



Temperature *C 


Obserradons 


76 


Part sligjitly compresses under pressure 


82 


Partly compresses under pressure 


95 


Most compresses under pressure 


103 


Compression progressing under pressure 


111 


Softer, still dark on edges 


115 


Plastic, still dark on edges 


130 


Soft plastic, dear throughout 


137 


Flows under pressure 



in^V}""^^ A similar series of experiments were carried 

insoluble fracaon (4.01 g.) was a wh te powder, out with AlCl cataW if * 

SlS'^^tSbS^''^ catalyst and 3. coH:ayst,^emS,mrh^: 80 

tL teS- fraction (7.4 g.) was S»°t%^^^, ^^^^^ 

afco a powdery material. Compression molding styrene) is formed ^ ^ ' *°°'°P°*y- 

SStSr^^re^Ued^^^ ^ Thus the e^ent with AlCl, can only 

TiLrr^ • ""^i"^*- be earned out by introducing the caialvst \Jt 85 

the feo^oS^?'""'"";"'"''^'"""''** which severely l4iGthe3bStyTiK 

P."^?'""" P'^P^ In addition, the physical pro^w of^ • 

75 2 ^Sn^i'"'^ Kw*""^ P^^y^^y^ products obtained in drifSSeSXci 
SsicS'SSs.™''" ^"^^"'^ completely unsatisfactory and'iSa^! 
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10 



15 



20 



Another fector which severely Hnuts the 
scope of the process with AICI3 is due to the 
in&iUty of AICI3 in hydi-ocarbon solvents. 
In other words, die AlCL, must be dissolved m 
methyl chloride or ethyl chlonde, etc. to ren- 
der it usable at all. 

However, in contrast to hydrocarbon sol- 
vents wiiich readily dissolve chlorpbutyl rub- 
ber, chlorobutyl rubber is largely insoluble in 
methyl chloride and is sparingly soluble in 
ethyl chloride, which facts again stron^y lunit 
the applicability of the process with AlCL. 

Raping in mind the above limitauons, re- 
action conditions were worked out to estabhsh 
the most favourable conditions for a polymer- 
ization trial using AlQa as the catalj^. 

A charge consisting of 39 ml. (35.4 g.; of 
styrene in 350 ml. ethyl chloride and 10 g. 
chlorobutyl rubber in 200 ml. ethyl chlonde 
was mixed and stirred at - IPC The traL- 
perature could not be lowered below - Jl ^• 
because of the insolubiUty of chlorobutyl rub- 
ber in the system. The catalyst solution was 



50 



55 



60 



65 



11 ml. of a 4?b by weight AlCl, soluuon m 
ethyl chloride rcontaining 0.45 g. or 3.4 x lir- 
mole dissolved AICI3). The temperature was 
started by adding the AlCl, soluuon to die 
charse. The temperature rose to -2 O. moi- 
catmg the onset of tlie polymerization of 
styrene. After 30 minutes of stirring the re- 
action was terminated by the introduction ^ 
methanol. The product ^^as ^d w^ 

acetone, precimt?.ted jiuo methanol, tiixerea 
and dried. Acetone removed 17.2 g. product, 
which was substantially pm^ pol>-stjTene, hav- 
ing a molecular freight of 43G3. The acetone 
insoluble product r:as dissolved in toluene. 
Most of the product dissolved in toluene (only 
0462 g. toluene insoluble gel was recovered; 
and the toluene soluble fraction was found to 
be soluble in methyl ethyl ketone also. 

The latter fraction was a powdery, off white 
product. Its melting properties '-vere investi- 
gated on a hot stage microscope. The foUow- 
ing observations were made : 

Observations 



25 



30 



35 



40 



45 



100 


Compresses under pressure 


102 


Cleadng, softening 


107 


Clear v*en compressed 


110 


Soft plasdc 


119 


Clear soft plastic, does not flow 


130 


Clear soft plastic, does not flow 


140 


Very safk plastic 


148 


liquid 



Attempts were made to compression mold 
the metl^l ethyl ketone and toluene soluble 
product. However, only very brittle and haz>' 
films and pads v/ere obtamed which strongly 
adhered to the aluminum foil. The physical 
oroperties of these specimens could nor be 
determmed because of the extreme brittleness 
of the materials. 

Example 17 
G-fVJfting Isobtttylene Ofito Polychloroprene 
The purpose of this experiment was to graft 
isobutylene onto polychloroprene. To 20 ml. 
isobutene at - lO^C. tiiere was added 025 mL 
m drops, 0,002 moles) AlEtCh As. expected, 
no reaction occurred. After 6 minutes of agita- 
tion at - 10^ there was introduced 0.473 g. 
polychloroprene in 10 ml. chbrobenzene (%% 
polychloroprene in chlorobenzene) solirtion. 
The system immediately turned yellow and the 
temperature increased to -!-20^C, The iso- 
butene started to boil for a short while. Twenty 



minutes after tiie polychloroprene addition, the 
reaaion was temunated by introduang meth- 
anol. The white, rubbery produa was washed 
with methanol and di'ied in a vacuum oven at 
50°C Yield 5.955 g. The product was ex- 
tracted with 200 ml. refluxing n-pentane for 
24 hrs., centrifiiged and waslied with n- 
pentane. Pol^xhloroprene is insoluble m 11- 
pentane whereas polyisobutene is readily sol- 
uble in tills solvent. The result was: pentaiie 
insoluble fmcrion 0.5SO g.; pentane soluble 
fraction, after precipitation in methanol, dry- 
mg, etc., 5.282 g. Both fractions were analyzed 
by infrared spectroscopy. The pentane in- 
soluble fraaion showed 60 wt. ;"^. polychloro- 
prene and 40 v/t.v; polyisobutene v/hereas tiie 
pentane soluble fraction shows 7 wt.?b poly- 
chloroprene and 93 wt." polyisobutene. These 
data show that extensive grafting occurred and 
that a small amount of polychloroprene nca 
rpolyisobutylene poor) and a relatively large 



70 



7d 



80 



85 
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amount of polychloroprene poor (polyisobutyl- 
ene rich) g^afc copolymer was obtained. 

Example 18 
Grafting Isobutene Onto Polychloroprene 

5 In this experiment 5 ml. isobutene and 10 
ml. chlorobenzene were stirred in the presence 
of 0.1 mJ. (0.0008 mole) AlEtaCl at -50°C. 
To this quiescent solution 0.166 g. neoprene 
in 10 mL chlorobenzene (1.66% neoprene) 

10 solutian was added. Immediatdy after the 
mixing of these components the temperature 
of the ^^scem started to rise imtil it reached 
-lO'^C.; yellow color developed, and die 
viscosity started to increase. About 11 minutes 

15 later the reaction was terminated by hitroduc- 
ing cold methanol containing a small amount 
of j8-phenyl naphthylamine stabilizer. The pro- 
duct was dissolved in chlorobenzene and repre- 
cipitated into metbanoL A porticm of the 

20 methanol insoluble product was extracted with 
rcfluxing a-pentane and 0.792 g. whhe, rub- 
bery material was obtained whi^ on infrared 
analysis showed 9 wtl^ polychbroprene and 
91 wt.% polyisobutene. The other portion of 

25 the methanol insoluble product 2.377 g. was 
not extracted with pentane; it was only washed 
several times with methanol. The latter pro- 
duct was also analyzed by infcared spectro- 
scopy which showed the presence of 7 wt.)% 

30 polychloroprene and 93 wt.% polyisobutykne. 
This ^eriment showed diat when the grafting 
is carried out at relative^ low temperatures, an 
essentially homogeneous soluble graft c(^ly- 
mer is obtained which consists of ^-'8% 

35 polychloroprene backbone and '--'92% poly- 
isobutene branches. 

BXAMPLB 19 

Grafting Isobutylene Onto Polychloroprene 
In this experiment 150 ml. isofaucene in 

40 300 mL ethyl chloride solution was stirred in 
the presence of 3 ml. (2.87 g. or 0.23 mole) 
AlEtaCl catalyst at -78°C. To this system 
a 4.2 g. polychloroprene in 600 ml. erfgrl 
chloride solution was introduced at -78°G 

45 After 15 minutes of stirring, the temperature 
slowly rose to - 77°C. and after another 33 
minutes, it rose to - 76°C. After 37 mmutes 
of stirring the content of the reactor suddenly 
became rather viscous and the temperature 

50 rose to - 74*^0. At this point the reaction 
was terminated by introducing chilled meth- 
anol containing j8-phaiyl naphthylamine, and 
the product was transferred into 1 litre of n- 
heptane. After exhaustive extraction in IJ 1 

55 pentane, filtration from a small amount of 
ash (;0.135 g.), precipitation into methanol con- 
taining ^-phaiyl naphthylamine and drying in 
a vacuum oven at 50<^C. the yield was 305 g. 
white, rubbery product. Infrared analysis indi- 

60 cated 6 wt.% polychloroprene backbones and 
94 wt.% polyisobutene brandies. Differential 
refractcmietry confirmed this analysis, showing 



55 wt;% polychloroprene and 94 J wc% 
polyisobutene. 

This graft copolymer was subsequently 65 
cured using the fotbwing recipe (in parts by 
weight): product 100, stearic add 0.5, phenyl- 
a-naphthylamine 2.0, MgO 2.0, ZnO 5.0 and 
2-mcrcapto imidazoUne 0.5. The blends were 
compounded on a cold mill and cured for 20 70 
and 60 minutes at 307°F. to give satisfac- 
torily cured pads. 

Example 20 
Grafting Butyl JRubber Onto Polychloroprene 

These eiqieriments demonstrate that a co- 75 
polymer brmich can be grafted onto a back- 
bone polymer. Thus, butyl rubber, a copoly- 
mer of isobutylene and isoprene was ©rafted 
onto polychloroprene, 

A charge was prepared consisting of 142.5 80 
ml isobutykne and 7.5 mL isoprene in 300 ml. 
ethyl chloride and 3 mL (2.87 g. or 0.23 mole) 
AlEtaQ catalyst and stirred at -78°C. in 
the dry box under nitrogen atmosphere. The 
co-catafyst solution was 5 polychloroprene 85 
(commercial product, thnce dissolved in 
cfabroform and reprecipitated into methanol) 
dissolved in 720 ml ethyl chloride. The graft- 

2 reaction was started by introducing 600 
precoolcd polychloroprene "co-catalyst" 90 
solution (containing 42 polychtoroprene) into 
the quiescent charge at '-78°C. The system 
became cloudy immediately upon the intro- 
duction of polychlortjprene solution and the 
temperature rose to - 76°C. The reaction was 95 
terminated 76 minutes after polychloroprene 
solution addition by introducing 20 mL meth- 
anol containing a small amount (about 0.1 g.) 
of i8-phenyl naphthylamine stabilizer. During 
the course of the reaction, several small aliquot 100 
samples were withdrawn to check constantly 
the solubility of the product. After termination 
with methanol the product was poured into 
a 5 1 vessel and contacted wilh a mixture of 
1500 mL n-partane and 1500 ml n-heptane. 105 
A cbudy solution was obtained. Filtration was 
attempted but the cloudy solution went through 
the filter paper. The sohMity of this cloudy 
solution was tested by dissolving a 10 mL 
aliquot in a stnall amount of toluene. A clear 110 
solution was obtained. These facts indicate 
that the polychloroprene which per se is com- 
pletely insoluble in normal aliphatic hydro- 
carbons e.g., n-pentane or n-heptane, was 
solubilized by the pentane soluble butyl rubber 115 
chains attached to it. Whea the cloudy graft 
solution was contacted with toluene, which 
is a good solvent for both components, i.c., 
polychloroprene and butyl rubber, a dear 
^'stem was obtained. 120 

Then the entke doudy graft solution was re- 
predpitated into --9000 ml acetone, allowed 
to side, decantec^ washed with acetone, col- 
lected, and dried in a vacuum oven at 50*^C. 
Weigjit: 36.5 g rubbery product Repeated 125 
solubility tests show that die rabber was sol- 
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ubie in orthochloro toluene and toluene and 
gave a cloudy solution in n-heptane indicatmg 
the presence of graft polymer. 
The following control escperiments as corol- 
5 laries to Esaraple 20 were carried out : 

(A) Butyl rubber Control. When 3 ml of a 
feed containing 2.43 ml isobutylene and 0.67 
ml isoprene was stirred in IS ml ethyl chloride 
in the presence of 0.06 ml AlEt.Cl at - 78='C. 

10 no reaction occurred even after 2 hours of stir- 
ring at this temperature. This control experi- 
ment indicates that the AlEt^a catalyst alone 
is inactive. 

(B) Neoprene Control 12 ml Neoprene solu- 
»5 tion in ethyl chloride containing 0.0835 g. 

neoprene was diluted with 9 more ml of ethyl 
chloride solvent and stirred in the presence of 
0.06 ml AlEtaCL No crosslinkii^, i^., ne> gela- 
tion occurred even after 2 hours at - 78^C. 
20 However, gelatin occt^red in the presence of 
AIEtClo. 

Example 21 
Grafting Styrene Onto Polydiloivprene 
This example and Example 22 show that 
25 gKift copolymers can be obtained with poly- 
styrene branches on potychloroprene back- 
bones. 

A charge was prepared of 5 ml sQn:ene m 
15 ml ethyl chloride and stirred in the pre- 

30 sence of 0.1 ml (0.096 g of O.OOOS mole) 
AIEtoQ at -50^C. The grafting reaction 
was started by introducing a precooled solu- 
tion of 0.125 g polychioroprene in 20 ml ethyl 
chloride. Immediately upon contacting tlie 

35 solution the contents of the reactor started to 
get more viscous and the temperature started 
to climb until after 3 minutes it reached - 30° 
C. At this point the reaction was terminated by 
introducing 500 mis of methanol. A vAatt 

40 polymer settled out. The product was soluble 
in toluene and methyl ethyl ketone. The meth- 
anol v/as decanted and the product was ex- 
tracted with acetone and washed with acetone. 
The acetone soluble fraction was 0.149 g. 

45 whitCa powdeiy product, homopolystyrene. The 
rest of the product 3.124 g was completely 
soluble in methyl ethyl ketone. 

Since polychioroprene is insoluble in methyl 
ethyl ketone (whereas polystyrene is readily 

53 soluble in this solvent) this solubility char- 
acteristic indicates the presence of a graft co- 
polymer. 

Example 22 
Grafting Styrene Onto Polychioroprene 

55 Example 21 was repeated with larger 
amounts of materials. Thus a charge of 55 ml 
^50 g) styrene in 200 ml ethyl chloride and 
0.5 ml (0.48 g or 0.004 mole) AiEt,.Cl catalyst 
was sdrred at - 50°C. A grafting reaction was 

60 initiated by introducing a solution of 5 g poly- 
chioroprene in 200 ml ethyl chloride. Immedi- 
ately after the introduction of the latter solu- 
tion, the temperature rose to - 36^C. and the 
content of the reactor became very viscous. 

65 The reaction was terminated by introducing 



a few mis of methanol containing 0,1 g ^- 
phenyl naphthylaniine stabilizer and then 
pouring the entire mistture into 2000 ml 
acetone. Acetone extraction yielded 8.924 g. 
white powder which was homopolystyrene. 70 
The rest was dissolved in 700 ml. methyl ethyl 
ketone, centrifuged from some insoluble mat- 
erial, precipitated in methanol and dried; 29.2 
g fluffy, solid product was recovered. The 
methyl ethyl ketone insoluble centrifuged pro- 75 
duct was dissolved in chlorobenzene, precipi- 
tated into methanol and dried: 9.6 g of pro- 
dua was obtained. 

EiCAMPLE 23 
Grafttn,§ Chloroprene Onto CMorolmyl 80 
Rubber 

In this and subsequent esperiments, chloro- 
prene was grafted onto dilorobutj-l rubber 
backbones. A ctoge was prepared of 1.5 ml 
freshly distilled chloroprene (2 - chloro - 1,3 - 85 
butadiene) in 50 mi n-hesane and stirred in 
the presence of 0.17 ml (0.15 g or 0.0012 
moles) AlEt;:a catalyst at - lO^C. To start 
the reaction, a solution of 2.52 g. chlorobutyl 
rubber in 45 ml n-hexane at - lO^C. was 90 
added to this quiescent system. Upon introduc- 
tion of the chlorobutyl solution the system 
turned yellow and the color deepened in the 
course of the reaction. After 257 minutes of 
stkring, the reaction was terminated by intro- 95 
dudng methanol containing /5-phenyl naphthyl- 
amine stabilizer. The graft copoljmer was re- 
covered from tiie methanol and dried in a 
vacuum ovot at 40^C. The product, 2.711 g 
white, rubbery material was completely solu- 100 
ble in toluene. 

Example 24 
Grafting Chloroprene Onto Chlorobutyl 
Rubber 

In this experiment, a solution of 72 g 105 
chloroprene in 50 ml n-hexane was stirred in 
the presence of 0.33 ml rO.32 or 0.0025 moles) 
AlEt.Cl catalyst at -50*^C. To this system 
a solution of 7.2 g chlorobutyl rubber in 150 
ml n-hexane solution was added to initiate 110 
reaction. The system became yellow. 
The reaction was terminated 31 inin- 
utes after chlorobut5'l rubber solution addition. 
In the course of the reaction, numeraus sam- 
ples were withdrawn to check tlie solubility of 115 
the system and for other purposes. Thus, after 
woricing with methanol and drying, only 6.590 
g of a rubbery product was recovered. Of this 
product 5.576 g was extracted with 250 ml 
n-hexane by stirring for 60 hours. The hexane 120 
soluble fraction was precipitated into methanol, 
dried ui a vacuum oven at 50^C and weighed: 
5.394 g white, rubber>^ product was recovered 
and analyzed for chlorine. Chlorine analysis 
indicated the presence of 2.70 wt.% of CI. 125 
This indicates the presence of grafting since 
polychioroprene is insoluble in n-hexane, 
nevertheless tiie hexane soluble fraction re- 
covered contamed more chlorine than the 
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chlorobutyl rubber backbone used to initiate 
the graft copolymerization. Gilorine analysis 
of the original chlorobutyl indicated 1.15 wt.% 
CI. Thus, the difference, 1.55 wt.;% Q, was 

5 due to polychloroprene branches in the pro- 
duct. Monomeric chloroprene could not be 
entrapped in the rubber because it was re- 
covered by reprecipitation into methanol and 
dried in a vacuum oven at 50°C. The boiling 

10 point of chloroprene monomer is very low 
(59.4°C.) 

The presence of polychloroprene branches in 
the hexane soluble rubber was also indicated 
by the increased iodine numbers as compared 
15 to the chlorobutyl starting material. Thus, the 
hexane soluble graft copolymer showed an 
iodine number of 10.28 whereas the iodine 
number of the chlorobutyl rubber used to 
initiate the grafting reaction was only 7.54. 

20 Example 25 

Grafting Chloroprene Onto Chlorobutyl 
Rubber 

The charge, 7.5 ml. (7.2 g) chloroprene in 
50 ml n-hexanc in the presence of 0.33 ml 

25 (0.32 g or 0.0025 moles) AlEt.Cl, was stirred 
at -40*^0. To this system a precooled solu- 
tion of 75 g dilorobutyl rubber in 150 ml hex- 
ane was introduced. The system immediately 
became yellow. The reaction was terminated 

^ after 30 minutes of stirring by introducing 
methanol containing a stabilizer. In the course 
of the reaction, numerous samples were with- 
drawn for analjrtical purposes and to check the 
solubilities. All the samples were soluble in 

^5 toluene. After washing the product thoroughly 
in methanol the polymer produa was extracted 
with n-hexane and after reprecipitation in 
methanol and drying in vacuum at 50°C. a 
total of 5.730 g hexane soluble material was re- 

40 covered. This product was analyzed for 
chlorine. The ana-lysis showed the presence of 
1.91 a. The chlorobutyl rubber used 

to initiate the grafting reaction contained 1.40 
wt4% CL These data indicated grafting since 

45 polychloroprene is insoluble in n-hexane. How- 
ever, the hexane soluble fraction contamed 
0.51 wt% more chlorine than the Qriginal 
chlorobutene introduced. lodme number 
ana-lysis also corroborated the presence of 

50 graft copolymer. Thus, whereas the iodine 
number of the original chlorobutyl rubber 
was 7.93 the iodine number of the hexane 
soluble product was 10.66. Finally, the in- 
trinsic viscosity of chlorobutyl rubber in diiso- 

55 butylene solution was 1.247 correspanding to a 
viscosity average molecular wdght of 371,500, 
the intrinsic viscosity of the hexane soluble 
graft copolymer under the same conditions was 
1536 corresponding to a viscosity average 

60 molecular weight of 515,000. 

Example 26 
Polymer Degradation Studies 
A series of experiments were carried out 



with tiie MCI3, AlEtCU AlEtoCl, AlEt^ 
catalyst series (a) to study polymer, e.g., 65 
chlorobutyl and butyl rubber degradation and 
(b) to distinguish AlEtjCl and AIEt^ from 
the conventional AiEtCl^ and AICI3 catalysts. 
Briefly, it was found that under these experi- 
mental conditions, AlEtClo and AICI3 severely 70 
and inmiediately degraded" chlorobutyl rubber, 
whereas AlEtsCl was much milder and under 
suitable reaaion conditions did not degrade 
chlorobutyl rubber. AlEtg did not degrade 
chlorobutyl rubber at all. 75 

The experimental procedure was as follows : 
a 5 vrtvX chlorobutyl or butyl rubber solution 
was prepared in n-hexane and stirred at the 
selected temperature (e.g., - 10 or - 50°C.) 
in the dry box imder nitrogen atmosphere. 80 
The precooled catalyst solution was introduced 
at 0 minute and aliquots of samples were re- 
moved 1/2, 1, 2, 3, 5, 10, 15, 20 and 30 
nunutes after catalyst introduction. The 
amount of catalyst added was calculated to cor- 85 
respond to a 1 : 1 stoichicmietric ratio i.e., 1 
mole of catalyst was added per atom of 
chbrine in chlorobutyl rubber and the same 
quantity of catatyst was added to the butyl 
rubber solutiwis as well. The aliquot (with- 90 
drawn) samples were introduced into test tubes 
containing methanol to terminate degradation 
and to precipitate the polymer. After drying, 
the molecular weights were determined. 

Butyl rubber was not degraded at all in the 95 
presence of AlEtaQ catalyst at -10° or 
-50°C. However, severe molecular weight 
degradation occurred under essentially identi- 
cal experimental conditions in the presence of 
AlEta^ at - 10° and - 50°C. loo 

Figure 2 shows experiments carried out with 
chlor<^tyl rubber. As the figure indicates, 
chlorobutyl rubber did not degrade at all in 
the presence of AlEtg at - 10°C. Little de- 
gradation occurred with AlEtaQ at - 50°C. 105 
In contrast, chlorobutyl rubber very severely 
degraded in the presence of AIEtgCl at 
-10°C. and in the presence of AlEtQ^ at 
-50OC. and at - 10°C. and AICI3 at - 10°C, 

These e^)eriments show that under suitable hq 
conditions, litde, if any, degradation occurs 
with the catafysts of the inventbn used in graft 
copolyrnerizarion. However, in the presence of 
conventional Friedd-Crafo catalysts, e.g., 
AICI3, AlEtCla severe molecular weight break- H5 
down occurs and even if grafting were possible 
with these catalysts, the backbones would be 
severely damaged resulting in much inferior 
products. 

WHAT WE CLAIM IS : — 120 
1. A process for preparing a graft copoly- 
mer which comprise reacting at a temperature 
of between -90°C. and +70°C. a cationic- 
ally polymerizable monomer with a halogen- 
ated polymeric macromolecule, wherein the 125 
macromolecule has at least 0.01 mole % of 
allylic halogoi, tertiary halogen, or benzylic 
halogen (as hereinbefore defined^ or combina- 
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tions thereof, in the presence of an AlMoR co- 
catalyst where M is a Ci to alkyl radical 
and R is M, hydrogen or halogen^ wherein the 
maaomolecule becomes the backbone of said 
5 graft copolymer. , - , , ■ 

2. A process accordmg to clami 1 wherem 
the cocatalyst is diethyl aluminum chloride. 

3, A process according to claim 1 wherein 
the cocatalyst is triethyl aluminum. 

10 4. A process accoixiing to any of claims 

1 ^3 wherein the halogenated macromolecule 

Is polyvinyl chloride. 

5. A process according to any of claims 1 — S 
wherein the macromolecule is chlorinated butyl 

15 rubber. 

6. A process according to clamis 1—3 
wherein the halogenated macromolecule is 
polydiloroprene. 

7. A process according to any of claims 1 — -3 
20 wherein the halogenated maaomolecule is 

chlormated ethylene-propylene rubber. 

8. A process according to any of claims 
1_7 wherein the cationically polymerizable 
monomer is styrene. 

25 9. A process according to any of claims 
1 — 7 wherein the cationically polymerizable 
monomer is isobutylene. 

10. A process according to any of claims 
1 — 7 wherein the catiom'cally polymerizable 

30 monomer is butadiene. 

11. A process according to any of claims 
1 — 7 wherein the cationically polymerizable 
monomer is isoprene. 

12. A process according to any of claims 
35 1 — 7 wherein the cationically polymerizable 

monoraei' is piperylene. 
^ 13. A process according to any of claims 



1 7 wherein the cationically polymerizable 

monomer is vmyl alkyl ether. 

14. A process according to any of clauns 40 

1 7 wherein the cationically polymerizable 

monomer is benzyl chloride. 

15. A process according to any of claims 

1 7 wherein the cationically polymerizable 

monomer is parachloro styrene. 45 

16. A process accordmg to any of claims 

1 7 wherein the cationically polymerizable 

monomer is alpha methyl styrene. 

17. A process accordmg to any of claims 

1 to 5 and 7 wherein the cationically poly- 50 
merizable monomer is chloroprene. 

IS. A process according to any of the pre- 
ceding claims in which the reaction is carried 
out in the presence of an inert solvent. 

19. A process according to any of the pre- 55 
ceding clamis in which the catalyst is selected 
from AIR', and MR'^X where R' is a straight 
chain alkyl group having 1 to 12 carbon atoms 
and X is a halogen, 

20. A process accordmg to any of the pre- 
ceding claims in which the catalyst is mixed 
with tiie cationically polymerizable monomer 
and the halogenated macromolecule is added 
to the monomer catalyst mixture, 

21. A process of preparing a graft copoly- 65 
mer substantially as described with reference 

to examples 1 to 14 and 17 to 25. 

22. A graft copolymer produced by the pro- 
cess claimed in any of claims 1 — ^21. 

23. A graft copolymer substantially as des- 70 
cribed with reference to examples 1 to 15 and 

17 to 25. 

K. J, VERYARD, 
15, Suffolk Street, S.W.I, 
Agent for the Applicants. 



Printed for Her ZVIajesty's Stationery Office by the Courier Press, Leamington Spa, 1969. 
Pubtished by the Patent Office, 25 Southampton Buildings, London, W.C2, from which 

copies may be obiained. 



U74323 COMPLETE SPECIFICATION 

1 SHEET ^'"'^ drawing Is a nproductlan of 
the Orlglnot on a reduced scale 



FIG. I 




FIG. 2. 

DEGRADATION OF CHLOROBUTYL RUBBER MOLECULAR WEIGHT VS. TIME 




